The family of Solanaceae (also known as nightshade family) is considered as a large plant family including essential crops such as potato, tomato, sweet pepper and lastly eggplant (1). In both tropical and temperate regions of the world, eggplant (Solanum melongena L., 2n=2x=24) has been cultivated for years, and regarded currently as an economically important vegetable plant (2). Phylogenetically, contrary to the other important Solanaceae fam- 
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ily members including chili pepper, tomato, tobacco and potato, eggplant is believed to originate from the Old World (3).
The fruits of both eggplant and tomato, potato tubers and processed products are usually consumed as one of the main components of low-fat food, generating vitamins, fibre, energy, protein, as well as some bioactive constituents like steroidal glycoalkaloids (SGAs) (4) . In addition, glycoalkaloids (GAs) are commonly generated in different tissues of the plant such as tubers, leaves, roots and sprouts (4) (5) (6) . SGAs, as the main factor for producing bitter flavour in the fruits of Solanaceae family like eggplant (7) , are believed to play fundamental roles in the defense mechanisms of the plants against pests and phytopathogens. In addition, they may also cause sporadic outbreaks of poisoning and therefore detrimental consequences on human health (4, 8, 9) . In fact, with a lethal dose of 3−5 mg per kg of body mass, SGAs are assumed as potent poisons, similar to arsenic and strychnine (10) . A number of symptoms of SGA poisoning have been recorded, such as partial paralysis, gastrointestinal disorders, hallucinations, confusion, convulsions, coma and possibly death (9) . As a result, prior to commercial release, new eggplant varieties need to be assessed regarding the quantity of naturally occurring poisonous constituents such as SGAs, and the same strategy has been recommended for potato (11) . As both cooking and frying are not able to completely break down SGAs (12) , in order to release new commercial varieties as safe as possible, an upper limit of 20 mg per 100 g of fresh mass of potato tubers has been determined (13) . From a positive point of view, SGAs may also have antioxidant activities, as more recently a number of anticancer activities have been widely recorded (6) .
It is known that the accumulation and storage of alkaloids can change according to the type of alkaloid. Generally, alkaloids in plants are synthesised in specific tissues where the biosynthetic genes needed for specific alkaloids are expressed (14) . After biosynthesis of alkaloids, they might accumulate at the site of synthesis or are transported to other specific tissues such as the leaves attacked by insects or herbivores (14) (15) (16) .
SGA accumulation may be affected by a series of elements during growth, maturity and harvesting as well as post-harvest treatment. In addition, genotypes under study may play a key role, since SGA magnitudes may vary from one cultivar to another (8, 17) . It has also been reported that various environmental conditions may affect SGA production/accumulation in Solanaceae family (18, 19) . When GA content was analysed genetically, it proved to be highly heritable. According to the earlier work of Eltayeb et al. (20) , SGA levels in potato appear to be modulated by several genes and influenced by dominant and recessive alleles as well. It has been demonstrated that the potato cultivars with high mass fractions of SGAs are more responsive against environmentally undesirable circumstances and accumulate them in higher amounts in the tubers than the cultivars with their low fractions (21) .
Despite the significance of SGAs, studies on their biosynthetic pathway and the signals regulating SGA levels are still limited. It is also known that SGAs are normally generated in all parts of the eggplant, including the leaves, roots, fruits and sprouts, and that biosynthesis proceeds through the cholesterol pathway (8) . However, many steps between cholesterol synthesis and formation of α-solasonine and α-solamargine are unknown. In general, in conjunction with at least 100 other Solanum species, it is believed that eggplants are capable enough of biologically synthesising the following two main steroid alkaloid glycosides (SAGs), namely solasonine and solamargine (22) . From a structural perspective, both possess similar steroidal fragment of the molecule (aglycone), solasodine, while they differ in the nature of the carbohydrate side chain. In reality, so long as the two l-rhamnose followed by only one d-glucose moiety attach to 3-hydroxy position of solasodine, solamargine is formed. In contrast, solasonine can be formed when l-rhamnose and d-galactose moieties alongside one d-glucose moiety are linked to 3-hydroxy position of solasodine (23).
Gene expression-based studies are now regarded as a promising vehicle towards acquiring a deeper and more precise understanding of different mechanisms governing different complex regulatory networks of the genetic, signalling and metabolic pathways (24) (25) (26) . Compared to other cultivated solanaceous plant species including pepper, tomato and potato, less information is available regarding gene expression analysis alongside SGA accumulation in eggplant. In fact, to the best of our knowledge, no study has been accomplished about simultaneous investigation of the influence of eggplant cultivar types on the expression of SGT1 (solasodine galactosyltransferase) gene, known to be involved in the solasonine synthesis from solasodine. Here, attempts were made to determine the production ratio of solasonine and also the expression of SGT1 gene in mature leaves, flower buds and young, mature, and physiologically ripe fruits of two Iranian egg plant genotypes under field conditions.
Materials and Methods

Plant materials
Two eggplant (Solanum melongena) genotypes, named D1 (sweet fruits) and J10 (bitter fruits), were used in this study. D1 and J10 are two selected genotypes from eggplant populations originating from Dezfoul and Jahrom cities of Iran, respectively. The seeds of both genotypes were sterilised by submerging in 10 % sodium hypochlorite for 5 min and then immediately washed thrice using sterilised autoclaved water to remove disinfection liquid. Afterwards, the seeds were germinated in the field located at the greenhouse of Seed and Plant Improvement Institute (SPII), Karaj, Iran, beginning in mid-May, 2014. For each genotype, plant sampling of mature leaves, flower buds and young (before market stage), mature (market stage) and (physiologically ripe) fruits was performed. After harvesting, two fruits of each genotype were cut into slices with the thickness of approx. 1 cm, freeze dried for 72 h and packaged under vacuum conditions, while leaf and flower bud samples were directly packed in aluminium foil. All the samples were then stored at -80 °C until further analyses.
RNA isolation, quality assessment and cDNA synthesis
Using a mortar with liquid nitrogen, 100 mg of each tissue of each sample were initially homogenised to make a fine powder, and subsequently RNA isolation was carried out using a Trizol GeneAll (Seoul, Korea) according to manufacturer's instructions. Afterwards, DNase I, RNase-free DNase set (Fermentas, Waltham, MA, USA) was employed to remove putative genomic DNA contamination. Quality and quantity of the resultant RNAs were corroborated by means of a NanoDrop ® ND-1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). The first-strand cDNA synthesis was undertaken using 1.0 μg of total RNA (27) . Briefly, the mixture comprising DNase I (Fermentas, Waltham, MA, USA) was allowed to heat up to 37 °C for 30 min, and subsequently the temperature was increased up to 65 °C for 10 min to stop the enzyme activity. Afterwards, based on the manufacturer's instructions, cDNA synthesis was performed via the addition of 200 U/μL of reverse transcriptase enzyme (Fermentas, Vilnius, Lithuania) alongside 0.5 μg/μL of oligo(dT) primer (Thermo Fisher Scientific, Wilmington, DE, USA) to the mixture and allowed to heat up to 40 °C for 60 min and then to 95 °C for 5 min. Finally, all the cDNA samples were diluted to 400 ng/μL working concentration and stored at -20 °C for short-term and at -80 °C for long-term period, until further analyses.
Primer design and quantitative real-time PCR
The primer sequences were designed on the basis of the corresponding gene, SGT1, using PrimerQuest software (28), as fully described in Table 1 . To verify the secondary structures of the primers, Oligo Analyzer software was used (28) . Furthermore, the mature fruits were selected as the control, and the cyclophilin (CYP) gene was utilised as reference gene. Remarkably, PCR efficiencies of the samples with the quantities equal to or more than 0.8 (80 %) were considered for quantification of gene expression, as could be automatically computed via real-time PCR machine (Rotor-Gene Q; QIAGEN, Hilden, Germany) (26) . The experiments were performed in four technical replicates, and gene expression assay was accomplished with REST software (29) 
Extraction of glycoalkaloids
For GA extraction, 1000 mg of fruit, leaf or flower bud powder of each genotype were mixed with 40 mL of solution of 5 % acetic acid in methanol in a 50-mL Falcon tube. Then, the resulting mixtures were put on a shaker at 400 rpm overnight. The next day, the resulting mixtures were shaken at 600 rpm for 10 
HPLC assay and solasonine measurement
For HPLC analysis, a Shimadzu Class-VP (Kyoto, Japan) single-piston high-pressure liquid chromatograph with photodiode array detection and C18 column was utilised. For glycoalkaloid analysis, UV detection at 205 and 208 nm was chosen. Flow rate and temperature were set to 1.0 mL/min and 50 °C, respectively. Acetonitrile/10 % methanol in a ratio of 1:1 and 100 mM ammonium dihidrogen phosphate buffer (pH=2.58) were used as mobile phase. While preparing 100 mM ammonium dihydrogen phosphate buffer, pH was adjusted with orthophosphoric acid (85 %). After the pH was adjusted, the buffer was filtered through polyamide filter (Schleicher & Schuell BioScience GmbH) by using vacuum pump. Then, both acetonitrile/methanol and ammonium dihydrogen phosphate buffer were put into ultrasonic bath to remove the bubbles from these solutions. When all the bubbles were removed, the A pump filter was put into ammonium dihi drogen phosphate buffer, and the B pump filter was inserted into acetonitrile/10 % methanol (1:1). For glycoalkaloid analysis, B and A pumps were set at 70 and 30 % capacity, respectively. Every day the column was washed with mobile phase for 40 min at a flow rate of 1.0 mL/min. Then, 5 % acetic acid in methanol used as a blank was injected into the HPLC and samples were measured. In addition, standard stock solution (1.0 mg/mL) of solasonine was prepared in acetonitrile/water (1:1 by volume) containing one drop of ortho-phosphoric acid (85 %) to adjust the pH to 2 and stored at 4 °C. It was added into samples for 
Statistical analysis
The data were analysed with one-way analysis of variance (ANOVA) to acquire possible significant differences (defined as p≤0.05). The experiment was conducted on the basis of a completely randomised design (CRD) with three replications, and the resulting data were subsequently analysed using SAS software package (30) . Meanwhile, to compare different tissues, Duncan's multiple range test (p≤0.05) was utilised. For gene expression assay, four technical replicates were done, and the resulting data were analysed with REST software (29) .
Results and Discussion
Solasonine measurement
In D1 genotype, the maximum amount of solasonine was detected in flower buds (135.63 μg/g), followed by leaf (113.29 μg/g), physiologically ripe fruit (74.74 μg/g), young fruit (61.33 μg/g) and mature fruit (21.55 μg/g) (Fig. 1) . In addition, in J10 genotype, similar to D1, the highest mass fraction of solasonine was observed in flower buds (478.81 μg/g), followed by leaf (249.32 μg/g), physiologically ripe fruit (185.03 μg/g), young fruit (160.39 μg/g) and mature fruit (45.55 μg/g) (Fig. 1) . However, comparing each tissue of both genotypes, J10 genotype produced much more solasonine than D1, particularly in flower buds and leaf.
In general, the members of Solanaceae family are able to produce enough of different kinds of GAs. For instance, in potato (S. tuberosum L.), the major constituents of the GA family include trisaccharides α-solanine, α-chaconine, α-tomatine and dehydrotomatine, which are commonly found in tomato, while in eggplants, α-solasonine and α-solamargine are the most abundant spirosolane--type GAs (4, 23, 31) . As mentioned before, SGAs can be found in all plant tissues, but they accumulate mainly in metabolically active tissues, including immature berries, flowers and young leaves or shoots. In addition, like other secondary plant metabolites (16, 32) , both quality and quantity of GAs may vary either among various plant species or individuals, or among different tissues of a single plant during different growth and developmental phases. These variations may be due to the genotype/variety under study (33, 34) , environmental conditions, locality (11, 35) , ontogenetic alterations (i.e. 'gene tically programmed developmental changes taking place during a plant's life') (36), resistance to viral and bacterial diseases (37, 38) , insect inhibition (39), harvest and postharvest processes like drought (33) , light exposure of the tubers (40) and wounding (41, 42 ).
In the current study, the production and accumulation of GAs like solasonine in eggplant does appear to be genotype-and tissue-dependent. In the study of Bejarano et al. (33) , using six varieties of potato, it was found that all the varieties are capable of generating diverse amounts of both α-solanine and α-chaconine, but remarkably, the mass fraction of GA was still lower than the recommended food safety level (200 mg per kg of fresh tubers). In the same study, a substantial increase in the mass fraction of both GAs (i.e. α-solanine and α-chaconine) also occurred under water stress, leading to a conclusion that GA accumulation in potato could be affected by genotype and environmental stress like drought (33) .
Safety assessment of allied species of S. aethiopicum and S. macrocarpon cultivated in Africa was carried out to analyse the major eggplant glycoalkaloids (i.e. solamargine and solasonine) (8) . The results indicated that the fruits of S. aethiopicum and S. melongena contained (in mg per 100 g of fresh mass) α-solamargine (0.58−4.56) and α-solasonine (0.17−1.0). In addition, as the quantities of both aforesaid metabolites in S. macrocarpon were 5-10 times greater than the quantity recommended as safe in foods, it was eventually emphasised that this species might not be safe for human consumption (8) . Similarly, comparing 10 eggplant lines with three allied species (S. aethiopicum, S. integrifolium and S. sodomaeum), it was concluded that the allied species had higher glycoalkaloid quan tities than the widely consumed eggplants and that the glycoalkaloid content generally increased during fruit development and ripening (43) . On the other hand, the quan tities of solasonine decreased during fruit maturation in both D1 and J10 genotypes. To explain this phenomenon, it has been demonstrated that during fruit maturation, GAs like solasonine are converted into nitrogen-free and non-toxic composites (44) . Finally, according to the recommended food safety level (200 mg per kg), although both D1 and J10 genotypes are recommendable for human food consumption, D1 is more suitable for human daily diet. 
Expression profiling of SGT1 gene
In order to assess probable associations between the expression patterns of SGT1 gene and solasonine accumulation in both investigated eggplant genotypes, relative gene expression analysis was performed using qRT-PCR.
Taking mature fruit of D1 genotype as reference value for both genotypes, the maximum relative expression ratio of SGT1 gene occurred in flower buds of D1 genotype with the fold change value of 10.00, whereas in the physiologically ripe fruit (6.45-fold), leaf (5.45-fold) and young fruit (3.99-fold), the gene exhibited lower activities (Fig. 2) . In J10, similar to the D1, the highest relative transcript levels of SGT1 gene (94.11-fold) were obtained when cDNAs of flower buds were profiled using qRT-PCR (Fig.  2) . Transcript levels of this gene in other tissues decreased, as the fold change quantities of 49.72, 36.25, 21.82 and 14.97 were calculated for leaf, physiologically ripe fruit, young fruit and mature fruit, respectively (Fig. 2) . Comparing J10 and D1 of each tissue, the expression frequency of SGT1 gene of J10 was superior to D1, albeit some fluctuations could be observed. For instance, the maximum relative expression ratio was observed in mature fruit (14.97), while in both leaf (9.11) and flower buds (9.7) moderate ratios were observed, and finally the lowest ratio occurred in fruits (5.48) and young fruits (5.47).
Comparing the results of solasonine content and SGT1 gene expression results, significant association was found between the activity of SGT1 gene and solasonine generation/accumulation in both genotypes. Therefore, we can conclude that solasonine content significantly depends on SGT1 activity, that during ontogenetic changes of the plant, particularly fruit maturation, SGT1 activity is decreased and that some amounts of solasonine are possibly catalysed. In the edible potato tuber samples with different total glycoalkaloid (TGA) contents, the relative expression ratio of GAME4, GAME6, GAME7, GAME8a, GAME8b, GAME11, GAME12, SGT3 and SGT1 has recently been assessed using qPCR (qRT-PCR) (11) . With the exception of GAME7, all the other genes exhibited higher relative expression levels in samples with higher TGA contents (α=0.05, t-test), which is in agreement with our results.
Conclusion
In conclusion, two Iranian eggplant genotypes with different strength of bitter fruit flavour were used to examine their solasonine content as well as to elucidate the expression pattern of the corresponding gene, SGT1, during ontogenetic changes. As expected, the genotype with stronger bitterness had higher content of solasonine, while the other one had lower levels. It was also concluded that during fruit maturation the solasonine content tends to decrease, as the lowest mass fraction of solasonine occurred in mature fruits of both genotypes. Such phenomenon is presumably because of the conversion of glycoalkaloids like solasonine into nitrogen-free, non-toxic compounds. Since the sweet fruit eggplant (D1) contained lower amounts of solasonine than the bitter one (J10), it is more suitable for human daily diet. 
